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@ Furnace for baking coating powder.

&) An oven for baking a powdered coating material
to an object has an iniet air-shield chamber (2)
connected to the inlet side of a horizontal heating
chamber (1). The inlet air-shield chamber (2) is
provided therein with a radiation heat source (10)

which heats the object and the layer of coating
powder to a temperature substantially equal io the
baking temperature before the object enters the hori-
zontal heating chamber. (1).
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FURNACE FOR BAKING COATING POWDER

BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION:

The present invention broadly relates to an
apparatus for applying a coating powder to the
surfaces of objects such as household electric ap-
pliances and other ordinary machines. More par-
ticularly, the present invention is concerned with a
baking oven for heating a layer of powdered coat-
ing material electrostatically deposited on the sur-
face of the object together with the object so as to
form a coating film of the coating material.

DESCRIPTION OF THE RELATED ART

A typical conventional baking oven, known as
mountain-shaped oven, has a tunnel-like flat heat-
ing chamber and inlet and outlet air-shield cham-
bers connected to the inlet and outlet sides of the
heating chamber so as to extend obliquely down-
ward therefrom. A flexible conveyor is attached to
the ceiling of these chambers so as to extend
through these chambers. The inlet and outlet air
shielding chambers which are extended obliquely
downward effectively prevent hot air in the horizon-
tal heating chamber from flowing outside by natural
convection. In operation, the the object is heated
by hot air from the room temperature to the tem-
perature required for the baking of the coating
material while it runs through upstream region of
the space inside the horizontal heating chamber.
Then the object is maintained at the baking tem-
perature for a predetermined time which is neces-
sary for baking the coating material, during running
through the remainder region of the space inside
the heating chamber. In order to maintain the ob-
ject at the baking temperature for the required
length of time, it would be possible to reduce the
running speed of the object. Such a reduced run-
ning speed, however, impractically hampers the
mass-producibility of the product. Consequently,
the mountain-type oven is required to have a con-
siderably large length. When the length of the oven
is limited, it is necessary to enhance the heat
transfer rate by convection by increasing the num-
ber of the cycle of circulation of hot air in the oven.
In case of the powder coating, the powder layer
has not been fused in the region near the inlet of
the furnace. The powder particles of the layer,
therefore, are scattered when the velocity of the hot
air is increased. Thus, the number of cycles of
recirculation of hot air also is limited.
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SUMMARY OF THE INVENTION

Accordingly, an object of the present invention
is to provide an oven for baking powdered coating
material in which the heating of the object from the
normal temperature up to the baking temperature is
conducted while the material is still outside the
oven so as to enable the number of cycles of
recirculation of hot air to be increased, thus reduc-
ing the length of the hot air oven and,hence, the
production cost and running cost of the oven,
thereby overcoming the above-described problems
of the prior art.

To this end, according to the present invention,
there is provided a An oven for baking a powdered
coating material to the surface of an object, com-
prising: a tunnel-like horizontal heating chamber; an
inlet air-shield chamber connected to the inlet end
of the horizontal heating chamber so as to extend
obliquely downward therefrom; an outlet air-shield
chamber connected to the outlet end of the hori-
zontal heating chamber so as to extend obliquely
downward therefrom; a hot air generator connected
to the horizontal heating chamber; a flexible con-
veyor arranged along the ceilings of the inlet air-
shield chamber,the horizontal heating chamber and
the outlet air-shield chamber so as to extend
through these chambers; and a radiation heat
source provided on the inner surface of the inlet
air-shield chamber.

in operation, the object to be coated and a
layer of the coating powder electrostatically depos-
ited to the object are heated by the radiation heat
source in the inlet air-shield chamber up to a
temperature substantially equal to the baking tem-
perature before entering the horizontal heating
chamber. The object and the layer of the coating
powder thus heated up are then brought into the
horizontal heating chamber so as o be maintained
at the baking temperature by a forced convection
of hot air.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a longitudinal sectional view of an
embodiment of the coating powder baking oven
in accordance with the present invention;

Fig. 2 is a sectional view taken along the line II-ll
of Fig. 2;

Fig. 3 is an enlarged sectional view of an object
to be coated as shown in Fig. 1;

Fig. 4 is a sectional view of the portion of the
object shown in Fig. 3 in a different state;

Fig. 5 is a longitudinal sectional view of a con-
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ventional coating powder baking furnace; and
Fig. 6 is a sectional view faken along the line VI-
Vi of Fig. 5.

DESCRIPTION OF THE PREFERRED EMBODI-
MENT

A preferred embodiment of the present inven-
tion will be described with reference to the accom-
panying drawings. A coating powder baking oven
of the present invention has a tunnel-like horizontal
heating chamber 1 to both ends of which are
connected an inlet air-shield chamber 2 and an
outlet air-shield chamber 3 so as to extend ob-
liquely downward. A hot air generator 4 having a
burner 4a is connected to the tunnel-like horizontal
heating chamber 1 through a hot-air duct 16, &
circulation fan 17 and a circulation duct 15 so that
hot air generated in the hot air generator 4 is
supplied into the horizontal heating chamber 1. The
hot air which has passed through the horizontal
heating chamber 1 is returned through a recircula-
tion duct 15 having a recirculation blower 17 to the
hot air generator 4 so as to be recirculated. A
flexible conveyor 8 is suspended through guide
rails 8a from the ceilings of the inlet air-shield
chamber, the horizontal heating chamber and the
outlet air-shield chamber so as fo extend through
these chambers. Hangers 11a are suspended from
the flexible conveyor 8 at a suitable interval. Pieces
of object 11 to be coated, each having a layer of a
coating powder electrostatically deposited thereto,
are suspended by these hangers 11a so as to be
moved from the lower end of the inlet air-shield
chamber 2 towards the ouilet air-shield chamber 3
through the horizontal heating chamber 1 so that
each piece of the object 11 is heated together with
the layer of the coating powder during traveling
through the horizontal hating chamber 1. A radi-
ation heat source such as an infrared heater 10 is
disposed in a region inside the inlet air-shield
chamber 2 adjacent the horizontal heating cham-
ber. Therefore, the coating powder 12, as well as
numerous voids 12b existing among the grains of
the coating material as shown in Fig. 3, is heated
by the infrared heater 10 before the object 11
enters the horizontal heating chamber. Owing to
specific heating characteristics of infrared rays, the
coating powder 12 and the object 1 under the
coating material 12 are effectively heated up to a
temperature near the baking temperature while the
object 11 is still in the inlet air-shield chamber 2.

The object 1 then enters the horizontal heating
chamber 1 in which the object 11 is heated by
convection heating so as io be maintained for a
predetermined time at the baking temperature nec-
essary for allowing curing or setting of the coating
powder 12, so that the coating powder is com-
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pletely set to form a coating film 15 as shown in
Fig. 4. The material is then delivered to the exterior
of the oven through the outlet air-shield chamber 3.

As will be understood from the foregoing de-
scription, according to the present invention, the
heating of the object from the normal temperature
up to the baking temperature is conducted while
the object to be coated is still in the inlet air-shield
chamber 2, unlike the conventional oven in which
the heating of the object up to the baking tempera-
ture is conducted in the horizontal heating chamber
and in which the inlet air-shield chamber is used
for the shielding purpose alone. Consequently, the
oven in accordance with the present invention can
have a length 11 which is shorter than the length
L: of the conventional oven shown in Fig. 5. Thus,
the overall horizontal length ! of the oven, which is
the sum of the horizonial length 2, the length 14
of the horizontal heating chamber 1 and the hori-
zontal length %3 of the outlet air-shield chamber 3,
can be reduced as compared. with the overall
length L of the baking oven shown in Fig. 5.

In Figs. 5 and 6 showing a prior art, the same
reference numerals are used to denote the same
parts or members as those appearing in Figs. 1 to
4, and the parts or members denoted by the same
numerals have the same names and functions.

Although a preferred embodiment has bee de-
scribed, it is to be understood that the described
embodiment is only illustrative and various
changes and modifications may be imparted there-
to without departing from the scope of the inven-
tion. For instance, the infrared heater used as the
radiation heat source may be substituted by a
heater capable of radiating rays of wavelengths
which are selected from a wide range including far-
infrared and visible ray wavelengths in accordance
with the type of the object ic be coated or the
coating powder.

It is also possible to provide a heat-resistant
protective net 10a at an inclination above the upper
side of the radiation heat source. Such a heat-
resistant protective net can caich an object ac-
cidentally dropping from the conveyer, if any, and
allows such object to roll to the lower end of the
inlet air-shield chamber, thus preventing burning of
the object.

in the embodiment shown in Figs. 1 and 2, the
infrared heater 10 is disposed over the entire cir-
cumference of the inner surface of the inlet air-
shield chamber in the region adjacent the horizon-
tal heating chamber 1. This, however, is only illus-
trative and the infrared heater 10 may be disposed
only at bottom and both side portions of the inner
surface of the inlet air-shield chamber 2 as at 9a
and 9b or only on the botiom as at 9a. The infrared
heater provided on the bottom 9a effectively raises
the air temperature in the horizontal heating cham-
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ber, thus preveniing the hot air in the horizontal
heating chamber 1 from escaping to the exterior
through the inlet air-shield chamber 2 due fo naiu-
ral convection caused by cooling through the walls
of the heating chamber 1, thus enhancing the air-
shield effect produced by the inlet air-shield cham-
ber 1.

It is also possible to operatively associate the
conveyor and the infrared heater with each other.
In such a case, the infrared heater is not operated
when the operation of the conveyor is suspended,
so that the temperature inside the inlet air-shield
chamber can be lowered. This effectively prevent
scorching of the object in the event that the con-
veyor is accidentally stopped with the objects re-
maining in the inlet air-shield chamber.

The infrared heater starts to operaie simulta-
neously with the start up of the conveyor. The
heating is heating temperature is recovered shortly
because the heating relies upon infrared radiation.

As has been described, according to the
present invention, it is possible to heat the object
to be coated and the layer of the coating powder to
the reaction or fusion temperature while they are
still in the inlet air-shield chamber. This enables
elimination of the upstream end portion of the
horizontal heating chamber in the conventional
oven which has been used for heating the object
and the coating powder up to the reaction or fusing
temperature. Consequently, the overall length and
the heat-radiation area of the oven are decreased
to remarkably reduce the production and running
costs of the oven.

The use of infrared heater in the inlet air-shield
chamber offers the following advantages, due to
characteristics peculiar thereto. Namely, when the
wavelength of the infrared rays is determined to
maximize the absorption, the rays can efficiently
heat not only the layer of the coating powder but
also the object covered by the coating powder
layer, despite the presence of numerous minute
voids among the particles of the coating powder.
Thus, the infrared radiation offers a higher heating
efficiency than conventional heating relying upon
convection of hot air, particularly when the coating
powder layer has numerous voids which generally
function as heat insulators to impede conduction of
heat.

The hating in the horizontal heating chamber is
conducted by convection of hot air so that the heat
can be fransferred to every portions of the object
even when the object has a complicated delicate
configuration, so that the entire portion of the ob-
ject can be maintained uniformly at the required
temperature. It is therefore possible to form a uni-
form and strong coating film over the entire surface
of the object regardless of the configuration of the
object.
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Claims

1. An oven for baking a powdered coating material
to the surface of an object, having a tunnel-like
horizontal heating chamber (1), an inlet air-shield
chamber (2) connected to the inlet end of said
horizontal heating chamber (1) so as to extend
obliquely downward therefrom; an outlet air-shield
chamber (3) connected to the outlet lend of said
horizontal heating chamber (1) so as to extend
obliquely downward therefrom, a hot air generator
(4) connected 1o said horizontal heating chamber
(1), a flexible conveyor (8) arranged along the
ceilings of said inlet air-shield chamber (2), said
horizontal heating chamber (1) and said outlet air-
shield chamber (3) so as to extend through these
chambers, characterized by comrising a radiation
heat source (10) provided on the inner surface of
said inlet air-shield chamber (1).

2. An oven according to Claim 1, wherein said
radiation heat source is an infrared heater (10).

3. An oven according to Claim 1, wherein units of
said infrared heater are provided on the inner sur-
faces of both side walls (8b), top wall and bottom
wall (9a)of said inlet air-shield chamber.

4. An oven according to Claim 1, wherein units of
said infrared heater are provided on the inner sur-
faces of both side walls (9b) and bottom wall (9a)
of said inlet air-shield chamber.

5. An oven according to Claim 1, wherein units of
said infrared heater are provided on the inner sur-
face of the bottom wall (9a) of said inlet air-shield
chamber.

6. An oven according to Claim 3, further compris-
ing a heai-resistant protective net disposed at a
inclination along the top side of said radiation heat
source provided on the bottom surface of said inlet
air-shield chamber.

7. An oven according to Claim 4, further compris-
ing a heat-resistant protective net disposed at a
inclination along the top side of said radiation heat
source provided on the bottom surface of said inlet
air-shield chamber.

8. An oven according to Claim 5, further compris-
ing a heat-resistant protective net (10a) disposed at
a inclination along the top side of said radiation
heat source provided on the bottom surface of said
inlet air-shield chamber.
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